Background {#Sec1}
==========

Rationale {#Sec2}
---------

Lung cancer is the leading cause of cancer-related deaths worldwide and remains the most prevalent cancer in both developed and developing countries \[[@CR1]\]. Nowadays, surgical treatment is regarded not only as the optimal therapeutic option for early-stage non-small-cell lung cancer (NSCLC) but also plays a key role in multidisciplinary treatments for more advanced NSCLC \[[@CR2], [@CR3]\]. Since the 1990s, video-assisted thoracoscopic surgery (VATS), which emerges as a minimally invasive technique to gain access to the chest cavity, has been dramatically developed and widely utilized in the modern surgical modality, offering more advantages to surgical patients than traditional thoracotomy in terms of operative pain and stress control, preservation of pulmonary function and shortened hospitalization period \[[@CR2], [@CR4], [@CR5]\].

However, despite considerable advances in surgical techniques, anesthetic techniques and perioperative care, the morbidity rate still remains as high as 24.9--36.3% after VATS lobectomy \[[@CR6], [@CR7]\]. Postoperative cardiopulmonary complications (PCCs), with a rough prevalence ranged 20--35%, profoundly affect both short-term and long-term outcomes after lung cancer surgery \[[@CR8]--[@CR10]\]. A range of coexisting invasive parameters are proven to increase the PCC rate, such as several comorbidities that frequently accompany with NSCLC \[i.e. chronic obstructive pulmonary disease (COPD), respiratory inflammation and diabetes mellitus (DM)\] and procedural stress responses (i.e. neoadjuvant therapy, extent of surgery and operative approaches) \[[@CR8]--[@CR10]\]. These factors have been extensively studied in current evidence.

As an important issue that thoracic surgeons always focus on its control during the intraoperative period, estimated intraoperative blood loss (EIBL) can generally reflect the degrees of surgical invasiveness \[[@CR11]\]. Therefore, an excessive EIBL with its induced events, such as the receipt of intraoperative and postoperative blood transfusion, has the potential to worsen patient outcomes after oncological surgery. Current evidence demonstrates that a large volume of EIBL and perioperative blood transfusion were strong prognostic factors for poor short-term and long-term survival in a variety of surgical specialties \[[@CR11]--[@CR13]\]. However, the impact of EIBL on PCCs complicating VATS lobectomy still remains unknown due to the scarcity of data regarding in-hospital outcomes in current evidence \[[@CR11], [@CR14]\].

Objectives {#Sec3}
----------

The primary purpose of our retrospective study was to investigate whether EIBL was significantly correlated with PCCs in patients undergoing VATS lobectomy for NSCLC. Meanwhile, our secondary goal was to further evaluate the influence of EIBL on the length of stay and length of chest tube drainage.

Methods {#Sec4}
=======

Study design and protocol {#Sec5}
-------------------------

The present study is a single-center retrospective analysis based on the clinical data within our institutional medical records. We wrote it in compliance with the Strengthening the Reporting of Observational Studies in Epidemiology statement (see Additional file [1](#MOESM1){ref-type="media"}) \[[@CR15]\]. The study protocol was approved by the Regional Ethics Committee of Sichuan University West China Hospital (ID: 2016--255).

Patient selection {#Sec6}
-----------------

(i)*Settings*

We retrospectively reviewed the data of patients who had underwent VATS lobectomy for NSCLCs at our unit between April 2015 and February 2016. The medical records about perioperative outcome data were carefully collected for further analyses.(ii)*Eligibility criteria for participants* i)The target diseases were operable primary NSCLCs;ii)Only standardized single-lobectomy with systematic mediastinal lymph node dissection (SMLND) operated by a VATS procedure was included;iii)Patients who received any perioperative blood transfusion were excluded, in order to eliminate potential confounding bias risks induced by this correlative event of massive intraoperative bleeding when analyzing the roles of EIBL;iv)Patients must finish the entire clinical pathway according to our institutional policies during the hospitalization;v)Patients with loss of accurate records on estimated variables were not considered.(iii)*Follow-up*

The endpoints of our study belong to in-hospital outcomes. A follow-up had been provided for each patient until 30 days after surgery or death in the hospital.

Outcome data, measures and definitions {#Sec7}
--------------------------------------

We recorded and defined the following perioperative patient characteristics.(i)*Preoperative parameters*

Patient basic information included the age, gender, body mass index (BMI) and smoking history (formal/current/never-smoker).

Preoperative underlying comorbidities included the COPD, asthma, tuberculosis, preoperative respiratory infection (PRI), hypertension, DM, coronary heart disease, hyperlipidemia, renal insufficiency, severe liver diseases, previous malignancy and steroid use. We defined the PRI as the presence of one or more of the following infectious conditions: preoperative pneumonia, bronchiectasis, lung abscess and respiratory bacterial/fungal infections. Severe liver diseases were comprised of the hepatitis B, hepatitis C, severe fatty liver, hepatocirrhosis and hepatic parasitic infections \[[@CR2], [@CR8], [@CR16]--[@CR18]\].

Combined treatment modalities would be determined by a multidisciplinary team meeting before surgery if necessary. Neoadjuvant/adjuvant chemotherapy was a cisplatin/paclitaxel-based chemotherapy in compliance with the National Comprehensive Cancer Network Guidelines: China Editions \[[@CR2], [@CR8], [@CR16]--[@CR18]\].(ii)*Intraoperative parameters*

Estimated intraoperative variables included the tumor location, severity of pleural adhesion (none/light/moderate/severe) \[[@CR17]\], presence of pleural invasion (none/visceral/parietal) and degree of pulmonary fissure completeness \[[@CR8], [@CR18]\], amount of intraoperative fluids and conversion to thoracotomy.

The EIBL was determined according to the volume of blood in the suction system and the weight of surgical gauze used in VATS lobectomy. The blood count from the gauze was measured by weighting every set of 10 gauzes before the chest closure. The duration of surgery was calculated from the first incision on the skin to the last stitch of wound. The amount of intraoperative fluids was obtained from the operative notes with the assistance of anesthesiologists.(iii)*Pathological parameters*

We evaluated the following pathological variables, including the histological subtypes, differentiation degrees (low/moderate/high), tumor invasion (T-stage), lymph node metastasis (N-stage) and TNM-stage, all of which were defined according to the Union for International Cancer Control (UICC) seventh edition \[[@CR2], [@CR8], [@CR16]--[@CR18]\].(iv)*Outcomes of interest*

The primary outcome of interest was the PCCs. It was defined by the presence of one or more of the following pulmonary/cardiovascular complications \[[@CR8]--[@CR10]\]:i)*Pulmonary complications* including the pneumonia (fever\> 38 °C, purulent sputum, abnormal findings on radiography), atelectasis, acute respiratory distress syndrome, pleural effusion requiring chest tube drainage and hemoptysis requiring pharmacological intervention;ii)*Cardiovascular complications* including the atrial arrhythmia, ventricular arrhythmia, pulmonary artery embolism, sinus irregularity requiring pharmacological intervention and myocardial infarction.

All of above complications were judged in accordance with the Society of Thoracic Surgeons and the European Society of Thoracic Surgeons joint definitions \[[@CR19]\].

With respect to the secondary outcomes, the length of stay was calculated from the operation day to the discharge day, and the length of pleural drainage was referred to the days with chest tube after surgery.

Grouping criteria {#Sec8}
-----------------

Firstly, patients were divided into the group of patients who experienced PCCs and the group of patients who had no PCC. Then, we compared the demographic differences between these two groups, in order to initially identify the clinicopathological factors that were significantly associated with the occurrence of PCCs.

Secondly, we performed a receiver operating characteristic (ROC) analysis to determine an optimal cutoff of EIBL that had the discriminatory ability to predict the occurrence of PCCs. Then, we compared the incidences of individual PCCs between the patients with an EIBL above this threshold value and the patients with an EIBL below this threshold value. Finally, the ROC-derived cutoff of EIBL would be included into the multivariable logistic-regression model to stratify patients at high risk of PCCs.

Surgical procedure, perioperative care and discharge criteria {#Sec9}
-------------------------------------------------------------

Our VATS lobectomy with SMLND was operated through a three-portal thoracoscopic access, using a modified 'fissureless' technique known as 'single-direction lobectomy' as Liu et al. \[[@CR20]\] previously reported. All surgical patients were managed in compliance with a standardized clinical pathway, including the comprehensive routine assessments, antibiotic prophylaxis and pulmonary rehabilitation physiotherapy before surgery \[[@CR21]--[@CR23]\]. These patients received intravenous patient-controlled analgesia for postoperative pain control. One chest tube was placed on the suction device (− 20 cm H~2~O) at the end of the operation, and then, either removed from the suction device or converted to the water seal according to our institutional policies. Chest radiography would be done on postoperative day 1 for residual lung recruitment assessment. Chest tube removal would be allowed when the pleural drainage \< 200 mL in 24 h and the air leak cessation was detected from the chest drainage system \[[@CR2], [@CR8], [@CR16]--[@CR18]\].

Patients would be discharged if they met the following criteria:i)Patients were encouraged to ambulate freely after removing the chest tube.ii)Patients restored to proper breathing activities, instead of presenting the shortness of breath, wheezing or crackles, with an oxygen saturation higher than 94%.iii)Severe complications and symptoms had been sufficiently controlled before the discharge day.

Statistical analysis {#Sec10}
--------------------

We used the SPSS 22.0 software (IBM SPSS Statistics, Version 22.0. Armonk, NY: IBM Corp) to accomplish the following statistical analyses.

The continuous data was presented as the mean ± standard deviation (SD) and the median with interquartile rage (IQR) (25th--75th percentile). The categorical data was presented as the patient number with percentage.

In the univariable analysis, we utilized the Pearson's chi-squared test with Yates correction or Fisher's exact-test, as appropriate, to compare the categorical variables, and the Student's *t*-test to compare the continuous variables. The effects of EIBL on the length of stay and chest tube duration were assessed by a Kaplan-Meier analysis using log-rank test.

The ROC analysis was conducted to evaluate the discriminative power of EIBL with regard to PCCs. The area under curve (AUC) with its 95% confidence interval (CI) was then extrapolated.

Finally, a multivariable binary logistic-regression model applying the hosmer-Lemeshow test for goodness-of-fit and the C-statistic for discrimination was established based on all clinicopathological variables with univariable *P*-value \< 0.05 to identify the independent risk factors for PCCs. The odds ratio (OR) with 95% CI was then obtained.

The statistical significance would be revealed by *P*-value\< 0.05 in both univariable and multivariable analyses \[[@CR24]\].

Results {#Sec11}
=======

Basic information and outcomes {#Sec12}
------------------------------

### Patient characteristics {#Sec13}

During the study period, there were 429 patients who underwent VATS lobectomy for primary NSCLCs included in this study. Patient baseline characteristics are presented in Table [1](#Tab1){ref-type="table"}.Table 1Patient characteristicsCharacteristicsTotal (*N* = 429)Cardiopulmonary complications*P*-valueYes (*N* = 80)No (*N* = 349)Basic information Age (Years)  Mean ± SD62.5 ± 8.264.7 ± 7.762.0 ± 8.20.006  Median (IQR)63 (58--69)63 (59--72)62 (56--68) Gender (Male gender)266 (62.0%)50 (62.5%)216 (61.9%)0.92 Body mass index (kg/m^2^)  Mean ± SD23.4 ± 2.923.5 ± 3.123.4 ± 2.90.80  Median (IQR)23.3 (21.3--25.5)23.4 (21.1--26.2)23.3 (21.3--25.5) Smoking history221 (51.5%)45 (56.3%)176 (50.4%)0.35Preoperative underlying comorbidities Chronic obstructive pulmonary disease105 (24.5%)29 (36.3%)76 (21.8%)0.007 Asthma8 (1.9%)2 (2.5%)6 (1.7%)0.99 Tuberculosis35 (8.2%)8 (10.0%)27 (7.7%)0.51 Preoperative respiratory infection43 (10.0%)21 (26.3%)22 (6.3%)\< 0.001 Hypertension152 (35.4%)35 (43.8%)117 (33.5%)0.085 Diabetes mellitus46 (10.7%)14 (17.5%)32 (9.2%)0.030 Coronary heart disease46 (10.7%)13 (16.3%)33 (9.5%)0.076 Hyperlipidemia11 (2.6%)4 (5.0%)7 (2.0%)0.26 Renal insufficiency41 (9.6%)9 (11.3%)32 (9.2%)0.57 Severe liver diseases49 (11.4%)13 (16.3%)36 (10.3%)0.13 Previous malignancy27 (6.3%)3 (3.8%)24 (6.9%)0.30 Steroid use22 (5.1%)5 (6.3%)17 (4.9%)0.82Combined treatment modalities Neoadjuvant therapy33 (7.7%)11 (13.8%)22 (6.3%)0.024 Adjuvant chemotherapy153 (35.7%)26 (32.5%)127 (36.4%)0.51Intraoperative parameters Tumor location  Right upper lobe148 (34.5%)35 (43.8%)113 (32.4%)0.22  Left upper lobe72 (16.8%)9 (11.3%)63 (18.1%)  Right lower lobe93 (21.7%)19 (23.8%)74 (21.2%)  Left lower lobe64 (14.9%)9 (11.3%)55 (15.8%)  Right middle lobe52 (12.1%)8 (10.0%)44 (12.6%) Presence of pleural invasion  None209 (48.7%)37 (46.3%)172 (49.3%)0.80  Visceral201 (46.9%)40 (50.0%)161 (46.1%)  Parietal19 (4.4%)3 (3.8%)16 (4.6%) Severity of pleural adhesion  None172 (40.1%)30 (37.5%)142 (40.7%)0.084  Light136 (31.7%)23 (28.7%)113 (32.4%)  Moderate79 (18.4%)13 (16.3%)66 (18.9%)  Severe/extremely severe42 (9.8%)14 (17.5%)28 (8.0%) Pulmonary fissure completeness  Complete280 (65.3%)41 (51.2%)239 (68.5%)0.004  Incomplete149 (34.7%)39 (48.8%)110 (31.5%) Estimated intraoperative blood loss (mL)  Mean ± SD89.2 ± 128.6133.3 ± 191.379.1 ± 107.1\< 0.001  Median (IQR)50 (30--100)90 (50--110)50 (30--100) Operation time (Min)  Mean ± SD131.5 ± 56.8167.9 ± 72.1122.6 ± 48.6\< 0.001  Median (IQR)120 (90--160)150 (110--210)120 (90--150) Amount of intraoperative fluids (mL)  Mean ± SD1175.1 ± 555.21272.5 ± 505.81150.9 ± 565.10.10  Median (IQR)1000 (800--1500)1100 (950--1550)1000 (800--1400)  Conversion to thoracotomy16 (3.7%)8 (10.0%)8 (2.3%)0.003Pathological parameters Histology  Adenocarcinoma315 (73.4%)63 (78.8%)252 (72.2%)0.24  Squamous cell carcinoma94 (21.9%)15 (18.8%)79 (22.6%)  Adeno-squamous carcinoma12 (2.8%)2 (2.5%)10 (2.9%)  Large cell carcinoma8 (1.9%)0 (0.0%)8 (2.3%) Differentiation degree  Low83 (19.3%)13 (16.3%)70 (20.1%)0.44  Moderate/high346 (80.7%)67 (83.8%)279 (79.9%)  Tumor invasion (T-stage)  T~1~163 (38.0%)31 (38.8%)132 (37.8%)0.030  T~2~242 (56.4%)39 (48.8%)203 (58.2%)  T~3~24 (5.6%)10 (12.5%)14 (4.0%) Lymph node metastasis (N-stage)  N~1--2~95 (22.1%)17 (21.3%)78 (22.3%)0.83  N~0~334 (77.9%)63 (78.8%)271 (77.7%) TNM-stage  I305 (71.1%)59 (73.8%)246 (70.5%)0.43  II68 (15.9%)9 (11.3%)59 (16.9%)  IIIa56 (13.1%)12 (15.0%)44 (12.6%)*IQR* interquartile range, *SD* standard deviation

There were 266 male (ratio = 62.0%) and 163 female patients (ratio = 38.0%) in our series, with a mean age of 62.5 ± 8.2 years (median = 63 years; IQR = 58--69 years) and mean BMI of 23.4 ± 2.9 kg/m^2^ (median = 23.3 kg/m^2^; IQR = 21.3--25.5 kg/m^2^). There were 221 patients having a smoking history (ratio = 51.5%) and 327 patients (ratio = 76.2%) suffering from one or more comorbidities. Neoadjuvant therapy was required in 33 patients (ratio = 7.7%), and 153 patients received adjuvant chemotherapy followed by VATS lobectomy (ratio = 35.7%). The majority of patients were diagnosed with lung adenocarcinoma, accounting for 73.4% (*n* = 315) of all enrolled cases, followed by squamous cell carcinoma diagnosed in 94 patients (ratio = 21.9%) and other subtypes of NSCLC in 20 patients (ratio = 4.7%). Lymph node metastasis was confirmed in 95 patients (ratio = 22.1%) postoperatively by UICC pathological criteria.

The patient percentages distributed within the EIBL range of our series are shown in Fig. [1](#Fig1){ref-type="fig"}. The mean EIBL and intraoperative fluids in the entire cohort were 89.2 ± 128.6 mL (median = 50 mL; IQR = 30--100 mL) and 1175.1 ± 555.2 mL (median = 1000 mL; IQR = 800--1500 mL), respectively.Fig. 1Histogram showing the distribution of estimated intraoperative blood loss

### Surgical outcomes {#Sec14}

There were 80 patients experienced one or more PCCs, with an overall PCC rate of 18.6%. Unexpected conversion occurred in 16 patients, with a conversion rate of 3.7%. There was no in-hospital death in our series.

The pulmonary complications, which were developed in 74 patients, occupied the largest proportion of all types of PCCs (ratio = 17.2%). Only 12 patients suffered from one or more cardiovascular complications (ratio = 2.8%). The incidences of individual PCCs are presented in Table [2](#Tab2){ref-type="table"}.Table 2Postoperative cardiopulmonary complicationsComplicationsTotal (*N* = 429)EIBL\< 100 mL (*N* = 296)EIBL≥100 mL (*N* = 133)*P*-valueOverall morbidity Any cardiopulmonary complication80 (18.6%)40 (13.5%)40 (30.1%)\< 0.001 Pulmonary complications74 (17.2%)35 (11.8%)39 (29.3%)\< 0.001 Cardiovascular complications12 (2.8%)5 (1.7%)7 (5.3%)0.038Individual cardiopulmonary complications Pneumonia49 (11.4%)22 (7.4%)27 (20.3%)\< 0.001 Atelectasis25 (5.8%)8 (2.7%)17 (12.8%)\< 0.001 Pleural effusion requiring chest tube drainage9 (2.1%)4 (1.4%)5 (3.8%)0.21 Pulmonary artery embolism3 (0.7%)1 (0.3%)2 (1.5%)0.23 Hemoptysis requiring pharmacological intervention2 (0.5%)2 (0.7%)0 (0.0%)1.0 Acute respiratory distress syndrome1 (0.2%)1 (0.3%)0 (0.0%)1.0 Atrial fibrillation4 (0.9%)2 (0.7%)2 (1.5%)0.59 Sinus irregularity requiring pharmacological intervention5 (1.2%)2 (0.7%)3 (2.3%)0.18 Ventricular fibrillation2 (0.5%)0 (0.0%)2 (1.5%)0.096*EIBL* estimated intraoperative blood loss

In addition, the mean length of stay and length of chest tube drainage in our cohort was 7.0 ± 4.1 days and 4.6 ± 3.4 days, respectively.

Comparisons between PCC group and non-PCC group {#Sec15}
-----------------------------------------------

Table [1](#Tab1){ref-type="table"} shows the demographic differences in perioperative characteristics between patients with and without PCCs.

### Preoperative variables {#Sec16}

Compared to patients without PCCs, patients who developed PCCs had a significantly higher mean age (*P* = 0.006) and higher ratios of COPD (*P* = 0.007), PRI (*P* \< 0.001), DM (*P* = 0.030) and neoadjuvant therapy (*P* = 0.024).

### Intraoperative variables {#Sec17}

With regard to the intraoperative parameters, patients with PCCs had significantly higher ratios of incomplete pulmonary fissure (*P* = 0.004) and conversion to thoracotomy (*P* = 0.003) than those without PCCs. The mean EIBL of PCC group and non-PCC group was 133.3 ± 191.3 mL and 79.1 ± 107.1 mL, respectively (Table [1](#Tab1){ref-type="table"}). The mean EIBL in patients with PCCs was significantly higher than that in patients without PCCs (*P* \< 0.001). However, there was no significant difference in the amounts of intraoperatively infused fluids between patients with and without PCCs (1272.5 ± 505.8 vs. 1150.9 ± 565.1 mL; *P* = 0.10). In addition, the mean operation time of patients with PCCs was also significantly longer than that of patients without PCCs (167.9 ± 72.1 vs. 122.6 ± 48.6 min; *P* \< 0.001).

### Pathological variables {#Sec18}

Patients who developed PCCs had a significantly higher ratio of T~2--3~-stage NSCLCs than that of patients without PCCs (*P* = 0.030). No significant difference was found in the other pathological parameters between patients with and without PCCs.

ROC analysis on the prediction of EIBL for PCCs {#Sec19}
-----------------------------------------------

The ROC analysis of EIBL showed an AUC of 0.62 (95% CI = 0.56--0.69; *P* = 0.001) for the prediction of PCCs (Fig. [2](#Fig2){ref-type="fig"}). According to the ROC curve, an EIBL of 100 mL was found to be the optimal cutoff value with the maximum joint sensitivity (50.0%) and specificity (73.4%). Therefore, EIBL≥100 mL was determined as the threshold value for predicting the risk of PCCs. On the basis of the threshold value of EIBL, there were 296 patients with EIBL\< 100 mL and 133 patients with EIBL≥100 mL, respectively. Comparisons in demographic differences between patients with EIBL\< 100 mL and with EIBL≥100 mL are further summarized in (see Additional file [2](#MOESM2){ref-type="media"}: Table S1).Fig. 2Receiver operating characteristic analysis on the discriminative power of estimated intraoperative blood loss for predicting postoperative cardiopulmonary complication

Association between threshold EIBL and development of PCCs {#Sec20}
----------------------------------------------------------

### Overall morbidity {#Sec21}

The pulmonary complication rate in patients with EIBL≥100 mL was significantly higher than that in patients with EIBL\< 100 mL (29.3 vs. 11.8%; *P* \< 0.001). Besides, patients with EIBL≥100 mL also had a significantly higher cardiovascular complication rate than that of patients with EIBL\< 100 mL (5.3 vs. 1.7%; *P* = 0.038) (Table [2](#Tab2){ref-type="table"}).

### Individual cardiopulmonary complications {#Sec22}

The incidences of individual PCCs are shown in Table [2](#Tab2){ref-type="table"}. Compared to patients with EIBL\< 100 mL, patients with EIBL≥100 mL had significantly higher incidences of pneumonia (20.3 vs. 7.4%; *P* \< 0.001) and atelectasis (12.8 vs. 2.7%; *P* \< 0.001). No significant difference was found in the other individual PCCs between these two groups.

Multivariable analysis of risk factors for PCCs {#Sec23}
-----------------------------------------------

Our multivariable binary logistic-regression model included 10 significant dichotomous variables regarding to the risk of PCCs, as shown in Table [3](#Tab3){ref-type="table"}. This logistic-regression model got a Hosmer-Lemeshow *P* = 0.64 and a C-statistic of 0.77 (95% CI = 0.70--0.84; *P* \< 0.001), respectively. Finally, we found that the history of PRI (OR = 4.55; 95% CI = 1.89--10.93; *P* = 0.001) and DM (OR = 4.04; 95% CI = 1.62--10.04; *P* = 0.003), EIBL≥100 mL (OR = 3.01; 95% CI = 1.47--6.16; *P* = 0.003) and operation time ≥ 120 min (OR = 2.38; 95% CI = 1.16--4.89; *P* = 0.018) could be independent risk factors for PCCs in patients undergoing VATS lobectomy.Table 3Multivariable analysis of predictors for cardiopulmonary complicationsEstimated factorsOdds ratio95% confidence interval*P*-valueAge (≥65 vs. \< 65 years)1.180.60--2.330.62Chronic obstructive pulmonary disease1.510.73--3.120.27Preoperative respiratory infection4.551.89--10.930.001Diabetes mellitus4.041.62--10.040.003Neoadjuvant therapy2.500.78--7.990.12Estimated intraoperative blood loss (≥100 vs. \< 100 mL)3.011.47--6.160.003Operation time (≥120 vs. \< 120 min)2.381.16--4.890.018Pulmonary fissure completeness (Incomplete vs. Complete)1.190.61--2.330.61Conversion to thoracotomy1.260.36--4.350.72T-stage (T~2--3~ vs. T~1~)1.740.91--3.310.093

Impact of EIBL on the length of hospital stay {#Sec24}
---------------------------------------------

### Length of stay {#Sec25}

A Kaplan-Meier curve revealing the length of stay between patients with EIBL≥100 mL and with EIBL\< 100 mL is shown in Fig. [3](#Fig3){ref-type="fig"}. The mean length of stay in patients with EIBL≥100 mL and with EIBL\< 100 mL was 8.2 days (95% CI = 7.4--8.9 days) and 6.5 days (95% CI = 6.0--6.9 days), respectively. The length of stay in patients with EIBL≥100 mL was significantly longer than that in patients with EIBL\< 100 mL (Log-rank *P* \< 0.001).Fig. 3Kaplan-Meier curve revealing the length of stay between patients with EIBL≥100 mL and with EIBL\< 100 mL. EIBL: estimated intraoperative blood loss

### Length of chest tube drainage {#Sec26}

Fig. [4](#Fig4){ref-type="fig"} shows the chest tube duration between patients with EIBL≥100 mL and with EIBL\< 100 mL. The mean length of chest tube drainage in patients with EIBL≥100 mL and with EIBL\< 100 mL was 5.9 days (95% CI = 5.1--6.6 days) and 4.0 days (95% CI = 3.7--4.3 days), respectively. Compared to patients with EIBL\< 100 mL, the patients with EIBL≥100 mL had the significantly prolonged length of chest tube drainage (Log-rank *P* \< 0.001).Fig. 4Kaplan-Meier curve revealing the length of chest tube drainage between patients with EIBL≥100 mL and with EIBL\< 100 mL. EIBL: estimated intraoperative blood loss

Discussion {#Sec27}
==========

Key results {#Sec28}
-----------

The main finding of our study was that the patients with a larger volume of EIBL had a significantly higher probability of PCCs, especially of pneumonia and atelectasis, than that of the patients with a smaller volume of EIBL. The ROC analysis showed an EIBL of 100 mL as the optimal cutoff value with regard to risk of PCCs after VATS lobectomy. Finally, an EIBL≥100 mL was found to be predictive of the occurrence of PCCs after eliminating the bias risks from other confounding factors. In addition, the Kaplan-Meier analysis further indicated that a larger volume of EIBL was significantly associated with the prolonged length of stay and length of chest tube drainage following VATS lobectomy.

Interpretations {#Sec29}
---------------

In general, thoracic surgeons regard an adequate hemostasis as the fundamental for the final success of lung cancer surgery due to the need to perform SMLND and the presence of scar tissues or adhesions following neoadjuvant therapy \[[@CR25]\]. In addition, a larger volume of EIBL is also considered as an effective indicator for poor oncological outcomes, suggesting that thoracic surgeons should try their best to achieve the 'bloodless' goal \[[@CR26]\]. Current advances in VATS and anesthetic techniques, as well as a better understanding of lung anatomy, have dramatically improved the safety of pulmonary resections and controlled the intraoperative bleeding \[[@CR11], [@CR27]\]. In our cohort of 429 VATS lobectomies, the mean EIBL was 89.2 mL, which compared favorably with the data ranged 100--400 mL in the literature \[[@CR11], [@CR14], [@CR27]\]. The possible reason might be that we included the patients in our later period of VATS learning curve. There is consensus that advances in training and technology can improve the intraoperative bleeding and promote the enhanced recovery after surgery.

Prior studies had suggested that excessive EIBL was an excellent prognostic factor for operable NSCLC \[[@CR11], [@CR14]\]. In an earlier study reported by Nakamura et al. \[[@CR11]\], a total of 1016 patients undergoing lung cancer lobectomy were enrolled and their median EIBL (318 mL) was chosen as the grouping criterion. Finally, an EIBL\> 318 mL was identified as a significant indicator for poor long-term overall survival of NSCLC. Recently, Rahouma et al. \[[@CR14]\] investigated the prognostic roles of EIBL in a smaller cohort of 551 VATS lobectomies for NSCLC. Their multivariable results supported that EIBL was the only modifiable predictor for poor disease-free survival of resected NSCLC. However, neither of these studies reported any detail for operative morbidity, mortality or the length of stay.

To our knowledge, the present study was the first to demonstrate the influence of EIBL on the risk of PCCs and length of stay following VATS lobectomy for operable NSCLC. Because the receipt of perioperative blood transfusion could exert the immunosuppressive effects and then worsen the surgical outcomes, we only included the patients who did not receive any perioperative blood transfusion to avoid potential confounding bias risks influencing the actual value of EIBL, as many investigators previously suggested \[[@CR11], [@CR13]\]. In our series, a ROC analysis was employed to determine a threshold value of EIBL that had the discriminatory ability for the prediction of PCCs. The ROC curve got an EIBL cutoff value of 100 mL showing the maximum joint sensitivity (50.0%) and specificity (73.4%) for the prediction of PCCs.

We initially found that the incidences of PCCs in patients with EIBL≥100 mL, especially of pneumonia and atelectasis, were significantly higher than those in patients with EIBL\< 100 mL. The Kaplan-Meier analysis further showed that both the length of stay and length of chest tube drainage in patients with EIBL≥100 mL were significantly longer than those in patients with EIBL\< 100 mL. We suspected that the significantly prolonged length of stay in the patients with a larger volume of EIBL might be due to their higher probability of PCCs. Finally, a multivariable logistic-regression model involving this threshold value of EIBL and other significant clinicopathological factors demonstrated that EIBL≥100 mL was significantly associated with the risk of PCCs after eliminating the confounding influence. These findings showed that the EIBL itself, which was independent of other common risk factors, could play a key role for the prediction of PCCs after VATS lobectomy for NSCLC. We speculated that the following four possible mechanisms might be considered when trying to explain the adverse effects of EIBL.

First of all, a larger volume of EIBL can predispose to the prolonged period of systemic hypo-perfusion and impaired oxygen delivery to vital organs \[[@CR28]\]. The human body responds to such procedural stress responses by activating the hypothalamic-pituitary axis and the autonomic nervous system, which lead to the catabolic effects of inflammation and surgical injury. The excessive exudation induced by operative stress responses owing to a larger volume of EIBL can further aggravate the wild pulmonary edema and affect the pulmonary artery pressure, resulting in the development of PCCs, especially of pneumonia and atelectasis.

Secondly, evidence indicates that a larger volume of EIBL has the ability to directly cause the immune dysfunction and impair the nutritional status because of a significant loss of plasma constituents and leukocytes that engage in the anticancer immunity \[[@CR13]\]. Angele et al. \[[@CR29]\] reviewed current experimental studies utilizing the models of trauma and hemorrhagic shock, which have defined the effects on the immune-inflammatory responses, and found that blood loss and surgical injury can suppress the cell-mediated immune responses through the depression of mitogenic response of T-lymphocytes, macrophage antigen presentation capacity and amounts of T-helper 1 lymphokines. Therefore, a significant blood loss may increase the susceptibility to inflammation, which contributes to formatting several PCCs.

Thirdly, the hemorrhagic stress responses induced by surgical injury itself, which are mediated by the antidiuretic hormone-aldosterone-renin-angiotensin II system, play a critical role in the inflammatory origin because of their ability to conserve the sodium and water and excrete the potassium \[[@CR30]\]. A large volume of fluid infusion will be urgently needed if the intraoperative bleeding is out of control. However, excessive intraoperative fluid infusion can readily increase the capillary hydrostatic pressure of the residual lung, resulting in the wild pulmonary edema that is closely related to pulmonary complications postoperatively \[[@CR31]\]. Besides, unrestrictive fluid administration may also cause adverse effects on the alveolar functions via the abnormal capillary permeability secondary to hemorrhagic stress responses, increasing the probability of severe pulmonary edema and atelectasis \[[@CR32]\].

Finally, a prolonged duration of surgery is usually followed by a larger volume of EIBL. During general anesthesia, changes in the shape and motion of the chest wall, and reductions in the volume and capacity of the lung lead to abnormalities in regional ventilation and gas exchange. If the operation and anesthesia time prolong, a mismatch between the distorted shapes of the chest wall and the underlying lung will easily lead to severe atelectasis, which is closely associated with other pulmonary complications \[[@CR33]\]. In our series, we also found higher ratios of incomplete inter-lobar fissure, unexpected conversion and more advanced tumor invasion in the patients with PCCs, which might easily increase the probability of intraoperative bleeding. Therefore, our findings derived from multivariable analysis indicating that both the excessive EIBL and prolonged operation time were significantly correlated with the risk of PCCs might support this interpretation to some extent.

Generalizability {#Sec30}
----------------

According to our study results, effective control of intraoperative bleeding still remains one of the paramount issues that must be judiciously considered in lung cancer surgery. Therefore, in order to inhibit the stress responses and enhance the postoperative recovery, thoracic surgeons should make more efforts to achieve a 'bloodless' goal through more meticulous surgical techniques, which represent the primary approach for intraoperative bleeding control \[[@CR25]\].

Limitations {#Sec31}
-----------

Several major limitations must be taken into account regarding the interpretations.

First, the present study was subject to the inherent limitations of any single-center retrospective analysis. Potential selection bias might complicate our findings on the predictive roles of EIBL since the formation of PCCs essentially depends on the coexistence of a range of widely accepted risk factors. In addition, the sample size in our study is relatively small, which may limit the analytical power.

Second, the AUC is a little small but with a *P-*value\< 0.001. That may not give so much evidence for the influence of EIBL. Besides, the threshold value of EIBL has a high specificity (73.4%) but a relatively low sensitivity (50.0%) for the prediction of PCCs. The ROC-derived optimal cutoff of EIBL may carry some bias risks because this cutoff establishment criterion has the potential to introduce an increased misclassification rate under the intuitive visualization, as Perkins et al. \[[@CR34]\] reported in their epidemiological study. That may attenuate the practical purpose of our findings in clinical practice.

Third, the morbidity rate can also be dependent of the surgeons' experiences. However, it may be difficult to perform a quantitative analysis on this artificial factor appropriately. This is another one limitation that could not be ignored.

Finally, owing to the objectives of our study, only pulmonary lobectomies were analyzed. So our findings may not be generalized to the sub-lobar resections.

Conclusions {#Sec32}
===========

In conclusion, the present study demonstrates that EIBL≥100 mL is significantly associated with the occurrence of cardiopulmonary complications following VATS lobectomy for NSCLC. Meanwhile, a larger volume of EIBL is also significantly associated with the prolonged length of stay and length of chest tube drainage. Therefore, thoracic surgeons should minimize the EIBL and strive for the 'bloodless' goal to optimize surgical outcomes. There are still plenty of limitations in this retrospective cohort study. Therefore, more large-scale prospective analyses are warranted to substantiate and validate our findings in the future.
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AUC

:   Area under curve

BMI

:   Body mass index

CI

:   Confidence interval

COPD

:   Chronic obstructive pulmonary disease

DM

:   Diabetes mellitus

EIBL

:   Estimated intraoperative blood loss

NSCLC

:   Non-small-cell lung cancer

OR

:   Odds ratio

PCC

:   Postoperative cardiopulmonary complication

PRI

:   Preoperative respiratory infection

ROC

:   Receiver operating characteristic

SD

:   Standard deviation

SMLND

:   Systematic mediastinal lymph node dissection

UICC

:   Union for International Cancer Control

VATS

:   Video-assisted thoracoscopic surgery
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